This paper presents a library of components for PV systems under Matlab/Simulink, named " PV Systems Toolbox " . This toolbox allows analyzing the behavior of a PV system. It also estimates the power produced by the PV generator according to changes in climatic conditions and the nature of the load. An accurate model of the PV generator is presented based on the equation of the Shockley diode. A simple simulation example is given using a typical 60W PV module.
INTRODUCTION
The prediction of the electrical behavior of a photovoltaic generator (GPV) is essential because it is the basis of the prediction of the energy that will be produced. This is a critical step in the design of any PV system. Simulation is a powerful tool for the theoretical performance evaluation of a system. In effect, it can be tested under conditions easily controlled and its performance can be readily monitored. The MathWorks MATLAB software and its associated graphical extension SIMULINK have the ability to simulate dynamic systems with ease and flexibility. This paper is organized as follows: the PV generator is described in Part I. The impedance matching stage between a PV generator and a load is presented in Part II. The MPPT converter and some algorithms are described in Part III. The design of a library of components in Simulink is detailed in Part IV. Simulation results are shown in Section V, followed by a conclusion in section VI.
THE PHOTOVOLTAIC GENERATOR
Photovoltaic cells are semiconductor electronic components (usually made of silicon in its various forms). They convert directly light energy into low voltage DC electricity by the photovoltaic effect.
PV cell is the basic element of a PV system. A set of cells form a solar module in which the cells are electrically connected together and encapsulated, thus protected from external agents. Several modules form a solar panel. Several panels form a solar system or field, to which are added protections, a regulator, a system of energy storage (battery), control and measurement equipments and an inverter.
The term photovoltaic generator (PVG) is used to denote, according to the considered application, a module or a PV panel. However, it may refer to the entire PV system. For the remainder of this paper, we use the term PVG to refer to a module or a PV panel
Modeling of the PV cell
A PV cell can be represented by the equivalent electric circuit shown in figure 1. This circuit consists of a diode which represents the PN junction of the cell and a constant current source whose current amplitude depends on the intensity of the radiation. The parallel resistor R P characterizes the leakage current on the surface of the cell due to the non-ideality of the PN junction and impurities near the junction. The series resistor R S represents the various contact resistances and the resistance of the semiconductor. Currents and voltages are: With such an equivalent electrical circuit, one can obtain the following mathematical model of the PVcell : n: ideality factor of the junction.
For a more accurate modeling of the PV cell, the influence of the illumination level as well as the temperature must be taken into account. In practice, the cell parameters are given by the manufacturer under Standard Test Conditions (STC) or nominal as shown in Table 1 . The photocurrent I ph is directly proportional to the illumination G and also depends on température.
The serie resistance can be calculated using the expression(2):
k temperature coefficient of the serie resistance.
Modeling of PVG
The expression (1) gives an adequate representation of the intrinsic behavior of a typical silicon PV cell. Nevertheless, it can not be used directly to predict the behavior of PVG, To overcome this problem, some simplifications can be made by making the following assumptions [1] :
• the effect of parallel resistance is neglected,
• the photocurrent ph I and the short-circuit current sc I are equal,
for all operating conditions.
We obtain the following model :
This expression is convenient because the right side parameters are easily determined, allowing its application directly. We obtain the PVG model given by expression (4) where the subscript "P" indicates the parameters of the panel [1] , [5] , [6] , [12] :
The expression of the panel current depends:  on the panel short circuit current : Figure 2 illustrates the I/V characteristics of a PVG and a resistor. For a resistive load, the I/V characteristic is a straight line of slope 1/R. Therefore, if the resistance R is small, the operating point is located in the region AB of the curve. The PVG behaves as a current generator. If the resistance R is large, the PVG operates in the region CD. In this zone, the PVG behaves as a voltage source. In the region BC of the curve, the PVG can not be characterized neither by a current source nor by a voltage source. It is in this zone that we find the MPP (Maximum Power Point) for which the PVG provide its full power for certain atmospheric conditions. The resistance value corresponding to this point is denoted by opt R [5] .
International Journal of Computer Applications (0975 -8887)
Volume 53-No.14, September 2012
Fig 2: I/V Characteristic of a PVG and a load R
It is clear that the impedance of the load imposes the operating conditions of the PVG. In practice, in the case of a direct coupling of a PVG and a charge, the operating point rarely coincides with the MPP. For this reason, an impedence matching stage between the source and the load is required.
Impedance matching stage between PVG and a load
To extract, at each moment, the maximum power available at the terminals the PVG and transfer it to the load, an impedance matching stage is used. This stage acts as an interface between the two elements. It ensures, through a control action, the transfer of maximum power delivered by the generator. The commonly used adapter in PV is a Static Converter (DC/DC power converter). The conversion structure is selected according to the load to be supplied. It can be step-up or step-down.
3.1
Step-down converter (Buck converter) Figure 3 shows the representation of a DC / DC converter, which can be used as an interface between PVG and the load [1, 8, 9, 10, 11] . It's a buck converter.
The role of DC/DC converter in the PV system is to make the adjustment between the PVG and the charge for an optimal power transfer. This is done by keeping the operating point (OP) on or fairly close to the MPP for any operating conditions (radiance, temperature, load characteristics, etc..). The DC/DC converter is used to regulate the input voltage pv V . The reference voltage is then constant or imposed by a control algorithm. In the following, the principle of operation of DC/DC step down converter is described.
Buck converter is a switching power supply that converts a DC voltage into another DC voltage of lower value. This type of converter is used as an adapter between source and load when the operating point in direct coupling is to the left of the MPP.
In this case, the voltage across the load in continuous conduction mode is given by :
: is the duty cycle (
: is the switching period Generally, the DC/DC converters switch is controlled by a PWM signal (Pulse Width Modulation). A PWM signal is a rectangular signal of fixed frequency, but whose duty ratio D is variable. The value of the duty cycle allows to control the amount of energy transmitted.
The MPPT converter
The power delivered by a PVG strongly depends on the sunlight level, temperature and also the nature of the supplied load. It is therefore very unpredictable. As shown in figure 4 , the power characteristic of PVG has a maximum power point MPP corresponding to a certain operating point of coordinates Figure 5 shows the block diagram of a typical MPPT converter. The MPPT control varies the duty cycle of the DC/DC converter using a PWM signal. The MPPT algorithm is based on the variation of the duty cycle of the DC/DC converter in response to changing input parameters (I and V and therefore the power of PVG) to be placed on the MPP.
Principle of the MPP research
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Perturb and Observe algorithm (P&O) Fig 6: Chart of the P&O algorithm
The P&O method is generally the most used because of its simplicity and ease of implementation. As its name implies, this method works by disrupting the system and observing the impact on power output of PVG. On figure 4 , we can see that if the operating voltage is disturbed in a given direction and that the power increases (dP/dV > 0) then it is clear that the disturbance has moved the operating point toward the MPP. The P&O algorithm will continue to disturb the voltage in the same direction. By cons, if the power drops (dP/dV < 0), then the disturbance has moved the operating point far from the MPP. The algorithm will reverse the direction of subsequent disturbance. This algorithm is summarized in the flowchart in figure 6 [2, 12] .
Incremental Conductance algorithm (IncCond)
This method is based on the fact that the slope of the power curve of the panel is zero at the MPP, positive to the left and negative to right [2, 4, 16] . This method is based on the fact that the slope of the power curve of the panel is zero at the MPP, positive to the left and negative to right [2, 4, 16] . The size of the increment determines the speed of the tracking of MPP. A fast tracking can be obtained with a larger increment, but the system could not operate exactly at the MPP and oscillates around it. So there are, as for the P&O algorithm, a compromise between speed and accuracy. This method can be improved by moving the operating point near the MPP in a first step, then use the IncCond algorithm to track exactly the MPP in a second step.
Design of a Simulink Components Library
The MATLAB software of MathWorks' and its associated graphical extension Simulink have the ability to simulate mixed dynamical systems (continuous and discrete). It is therefore well suited to implement, test, simulate and evaluate the PV systems. For this we have designed a variety of components that form a library for the simulation of PV systems in Simulink.
PVG model
We have used the mathematical model of the PVG given by expression (4) to design a component in Simulink representing the PVG. 
Statique Converter model (SC)
To simulate the behavior of the SC, we have used the SimPowerSystems package integrated to Simulink, which is a set of electrical components for power electronics. The simulation model of Buck converter is shown in figure 10 as an example. The components used in this model are ideal. This model is used to create a component representing the Buck converter. The other types of DC/DC converter can be easily designed using the package SimPowerSystems. 
MPPT algorithms models
We have designed a simulation model of the P&O algorithm ( figure 11 ), based on the flow chart shown in figure 6.
Fig 11. SIMULINK model of the P&O MPPT algorithm
International Journal of Computer Applications (0975 -8887) Volume 53-No.14, September 2012
Similarly, the flowchart in figure 7 , allowed us to design the model of the IncCond algorithm shown in figure 12.
Simulation Results
To perform the simulation, we selected the MSX60 Solarex module that provides a nominal power of 60W. It consists of 36 polycrystalline silicon cells and its main characteristics are given in Table 2 . The values of the different components of the Buck converter used in the simulation are : inductance of 120 µH, an input capacitor of 100 µF and an output capacitor of 100 µF. The connected load is a simple resistor. The switching frequency of the Buck converter is 100 kHz and the chosen MPPT frequency is 500 Hz. The initial duty cycle is 30%. 
Operating under stable climatic conditions
In this section, the atmospheric conditions correspond to the STC (radiation of 1000W/m² and an ambient temperature of 
Conclusion
In this paper, we presented the design of a component library for a PV system under Simulink. The library, named "Photovoltaic Systems Toolbox" consists of a precise model representing the PVG, model designating the SC and finally two models to simulate algorithms MPPT P&O and IncCond. The library, named "Photovoltaic Systems Toolbox" consists of a precise model representing the PVG, a model denoting the SC and finally two models to simulate P&O and IncCond MPPT algorithms. The simulation results using a typical 60W PV module have shown a good representation of the behavior of a PV system.
